Efficient and specific cardiac IK₁ inhibition by a new pentamidine analogue.
In excitable cells, KIR2.x ion-channel-carried inward rectifier current (IK₁) is thought to set the negative and stable resting membrane potential, and contributes to action potential repolarization. Loss- or gain-of-function mutations correlate with cardiac arrhythmias and pathological remodelling affects normal KIR2.x protein levels. No specific IK1 inhibitor is currently available for in vivo use, which severely hampers studies on the precise role of IK1 in normal cardiac physiology and pathophysiology. The diamine antiprotozoal drug pentamidine (P) acutely inhibits IK₁ by plugging the cytoplasmic pore region of the channel. We aim to develop more efficient and specific IK₁ inhibitors based on the P structure. We analysed seven pentamidine analogues (PA-1 to PA-7) for IK₁ blocking potency at 200 nM using inside-out patches from KIR2.1 expressing HEK-293 cells. PA-6 showed the highest potency and was tested further. PA-6 blocked KIR2.x currents of human and mouse with low IC₅₀ values (12-15 nM). Modelling indicated that PA-6 had less electrostatic but more lipophilic interactions with the cytoplasmic channel pore than P, resulting in a higher channel affinity for PA-6 (ΔG -44.1 kJ/Mol) than for P (ΔG -31.7 kJ/Mol). The involvement of acidic amino acid residues E224 and E299 in drug-channel interaction was confirmed experimentally. PA-6 did not affect INav1.5, ICa-L, IKv4.3, IKv11.1, and IKv7.1/minK currents at 200 nM. PA-6 inhibited the inward (50 nM 40%; 100 nM 59%; 200 nM 77%) and outward (50 nM 40%; 100 nM 76%; 200 nM 100%) components of IK₁ in isolated canine adult-ventricular cardiomyocytes (CMs). PA-6 prolonged action potential duration of CMs by 8 (n = 9), 26 (n = 5), and 34% (n = 11) at 50, 100, and 200 nM, respectively. Unlike P, PA-6 had no effect on KIR2.1 channel expression at concentrations from 0.1 to 3 μM. However, PA-6 at 10 μM increased KIR2.1 expression levels. Also, PA-6 did not affect the maturation of hERG, except when applied at 10 μM. PA-6 has higher efficiency and specificity to KIR2.x-mediated current than P, lengthens action potential duration, and does not affect channel trafficking at concentrations relevant for complete IK₁ block.